Introduction
We focus in this paper on how the real price of oil affects the equilibrium exchange rate of oil-dependent countries. As oil and related products essentially constitute practically the sole source of export revenue for most of the countries examined here, oil prices can be inferred to affect terms of trade and the real exchange rate. In addition, the real price of oil has been quite volatile during recent decades, so we should expect to see large macroeconomic effects from oil price changes in these countries.
We consider a dozen countries that depend heavily on exports of oil, natural gas and oil products. We augment a core sample of nine OPEC members with three Common- In the empirical analysis we do not rely on any one theory of exchange rate determination, but instead adopt BEER (Behavioural Equilibrium Exchange Rate) approach, where usually a number of plausible variables are introduced as determinants of real exchange rate. In our application relationship of these variables with the real exchange rate is assessed e.g. with the help of panel co-integration methods. Our preferred method is the pooled mean group (PMG) estimator proposed by Pesaran et al (1996) , but we also employ a mean group estimator and ordinary fixed effects.
In our estimation framework the real oil price has a direct effect on the equilibrium exchange rate, and, more importantly, that oil price is the only variable with a consistent and statistically significant effect on real exchange rate in oil-producing countries. While coefficient estimates differ from one estimation methodology to another, estimates tend to cluster around 0.5 (the coefficient may be larger in some specifications). In other words, a 10% increase in the real price of oil leads to appreciation of about 5% in the equilibrium exchange rate of a typical oil-producing country.
The study is structured as follows. In the next section, we provide a short literature survey on the topic. We then assess the time series properties of our data. Section 4 provides our main econometric analysis and section 5 concludes.
Literature survey
The real exchange rate (RER) is generally defined as the nominal exchange rate adjusted for price level differences between countries. Formally, the real exchange rate (in period t) is denoted as RER t , the nominal exchange rate E t (in units of home currency per one unit of foreign currency), the domestic price level P t , and the price level in a foreign country P t *.
Thus, RER may be expressed as
Under our definition, an increase in real exchange rate index means depreciation.
We first compare the bilateral real exchange rate of sample oil-dependent countries against the US dollar. We also consider the real effective exchange rate (REER) calculated as a weighted average of individual bilateral real exchange rates. The weights here represent the shares of different countries in the home country's foreign trade. REER is defined here so that upward movement means appreciation.
A number of studies discuss the determinants of equilibrium exchange rates in developing or emerging market countries (e.g. Baffes et al., 1999; Edwards, 1989 Edwards, , 1994 Montiel, 1999) . Montiel (1999) argues that the long-run equilibrium real exchange rate emerges from macroeconomic equilibrium in an economy where policy and exogenous variables are sustainable in the long run. He suggests a number of variables that might be associated with the long-run equilibrium real exchange rate, including variables relating to the Balassa-Samuelson effect.
The Balassa-Samuelson theorem presupposes that purchasing power parity (PPP) applies to the market for traded goods and that the ratio of prices of traded and non-traded goods may develop differently for different countries. Specifically, productivity growth in poorer countries is higher in the traded-goods sector than in the non-traded goods sector, as the potential for productivity growth in the traded-goods sector of poorer countries is higher than in more affluent countries. Ceteris paribus poorer countries tend to grow faster than richer ones. The theorem further assumes that productivity in the non-traded sector rises more slowly, but wages are the same in both sectors. In such case, the real exchange rate appreciates in the country with higher growth even if the PPP holds for the traded sector. Here, we proxy the productivity differential with the per capita GDP differential.
Other variables may also influence a country's equilibrium exchange rate. Lane and Milesi-Ferretti (2002) find, as predicted by theory, that countries with lower international net asset positions tend to have weaker currencies. A decrease in the net foreign asset position (say, from an increase in foreign debt) increases that country's debt servicing costs. To obtain foreign currency to cover the new costs, the country must export more. To achieve this, its real exchange rate must depreciate.
A number of papers consider equilibrium exchange rates in commodity-dependent countries. Chen and Rogoff (2003) focus on three OECD countries that rely heavily on commodity exports: Australia, Canada and New Zealand. They find US dollar prices for their commodity exports have a strong effect on real exchange rates, especially in Australia and New Zealand. The result is weaker for Canada, perhaps because of its somewhat more diversified export structure. Cashin et al (2004) examine 58 commodity-exporting countries and find that real commodity prices have an effect on real exchange rates in about a third of them. The approach in the Cashin study can be distinguished from ours in two important respects. First, they study each country separately, while we pool country data in a panel. Second, they exclude countries that predominantly export oil.
Koranchelian (2005) and Zalduendo (2006) look at the effects of oil price on the real exchange rate in an oil-dependent country (Algeria and Venezuela, respectively). Koranchelian (2005) finds that both Balassa-Samuelson effect and real oil price affect the equilibrium real exchange rate of Algeria. She calculates the Algerian currency's deviation from an estimated equilibrium exchange rate value. Similarly, Zalduendo (2006) finds within a vector error correction model that oil prices and productivity have an effect on the real equilibrium exchange rate in Venezuela. Long-run elasticity of real effective exchange rate with respect to the real oil price is somewhat over one. However, the trend depreciation of the real exchange rate has been determined also by the steadily deteriorating productivity differential (relative per capita GDP against the main trading partners). The initial estimations are done with official exchange rate data. Estimates with parallel market exchange rates produce qualitatively similar results, but, for example, the long-run elasticity of real effective exchange rate with respect the oil price is now approximately 0.5. As we show below, this is quite close to our results for the larger country sample. Kalcheva and Oomes (2007) assess whether Russia suffers from Dutch disease, and find within a co-integration framework that the elasticity of real exchange rate with respect to the oil price is very close to 0.5, irrespective of the exact specification.
Finally, Issa et al. (2006) study how energy prices affect the Canadian dollar. Before 1993, they find higher energy prices led to depreciating currency. After 1993, however, energy prices had the opposite effect, i.e. higher prices led to appreciation of the Canadian dollar. The 1993 breakpoint corresponds to Canada's shift from net importer to net exporter of energy products. The value of its energy exports has grown ever since.
Overall, the literature indicates that commodity prices have an effect on the real exchange rates of commodity-exporting countries. This result holds even for developed countries such as Australia and New Zealand. Our literature survey also suggests that the effects of oil prices on exchange rate have been studied relatively little. We aim to contribute to this part of the literature.
Data
Our data are drawn from the World Bank's World Development Indicators database. We use three series for real exchange rate: real exchange rate calculated against the US dollar (rerusdcpi and rerusddef) and the real effective exchange rate (reer). Rerusdcpi is calculated from the nominal exchange rate series and consumer price index in the US and the country in question. For rerusddef, GDP deflators are used. While the real effective exchange rate is better suited to empirical work, it is not available for all countries here. Also, using the three different real exchange rate series serves as a robustness check. All the real exchange rate series are in natural logarithms. Real oil price is the price of one barrel of Brent oil expressed in US dollars, deflated by the US consumer price index. Also oil is in natural logarithm form.
In accordance with the literature reviewed in the previous section, the control variable for real exchange rate is per capita GDP (measured as the log-difference between the country's per capita GDP in PPP-based constant 2000 US dollars and per capita GDP in the US). Both theory and previous empirical work lead us to expect higher per capita GDP relative to the US to be associated with a stronger currency. By definition, equilibrium exchange rates are long-term phenomena; actual exchange rates may fluctuate around their equilibrium values for a long period. Given the nature of the time series and our focus on the long-term relationships between variables, it is important to select the most appropriate econometric techniques.
To do this, we first try to establish whether or not our time series are stationary.
This has bearing on the methods chosen for the actual econometric work. Hadri, 2000) , where the Z-stat has a null hypothesis of no unit root (but assumes a common unit root process for all cross-sectional units).
There are only two cases out of four where all tests point to the same conclusion as to whether a time series is stationary. For the real exchange rate based on GDP deflator and the real effective exchange rate, results of the first four tests are consistent with Hadri's Zstat and do not reject the null of non-stationarity. For the CPI-deflated real exchange rate series, the first four tests reject the null hypothesis of non-stationarity, contradicting Hadri's test. Given our rather short sample (31 years), it is not particularly surprising that some real exchange rates are found to be non-stationary. In empirical research, testing for the existence of purchasing power parity, usually several decades worth of data are necessary to confirm that the real exchange rate of a country is stationary. Hadri's Z-stat rejects the null of stationarity in every case, while two of the other tests reject the null of non-stationarity for gdp.
Therefore, one of our real exchange series (rerusdcpi) is perhaps stationary, and the same applies to gdp.
Finally, we perform unit root tests for the real price of oil. It appears to be nonstationary. As a result, we choose to utilise several estimation methods to account for the possibility that our variables may be stationary or non-stationary. ***, ** and * signify that the null hypothesis is rejected at the 1%, 5% or 10% confidence level, respectively. All tests include a constant.
Estimation
As we are not completely sure whether our variables are stationary or non-stationary, we estimate the relationship between real exchange rate and the other variables with several methods. Utilising multiple methods also provides a robustness check. We start with simple panel estimation methods and then proceed to Pooled Mean Group (PMG) estimator.
To control for country-specific factors, we first estimate a fixed effects model. The results for rerusdcpi are presented in Table 2 and for rerusddef in Table 3 . Real exchange rate appreciation with a GDP deflator is only a fraction of CPI-based appreciation. GDP deflators typically give greater weight to traded items than the CPI as they include goods used by non-household sectors of the economy (e.g. investment goods). Results for reer (real effective exchange rate) appear in Table 4 . For rerusdcpi and rerusddef, an upward movement means depreciation, i.e. a negative coefficient of realoil means that higher oil price leads to real exchange rate appreciation. For reer, upward movement means appreciation.
All three tables indicate that a higher oil price always causes appreciation and the effect is significant in all specifications. Elasticity of the real exchange rate with respect to oil varies from one specification to another. As rersuddef and reer are broader measures of the real exchange rate, we attach greater importance to the results where they are used.
When cross-section specific trends are included in the specifications, the coefficient of realoil is generally between 0.4 and 0.5. This is also seen in cross-section specific trends, which are nearly always statistically significant. The coefficient of the gdp variable also changes from the fixed effects analysis when trends are included in the specification, because we already control to a great extent for per capita GDP movements in our country-specific trend variables.
Further robustness checks using a different data set are reported in Appendix . Using a shorter data sample (with three countries added) seems to produce only spurious results.
4 Table 2 Pooled least squares estimates with CPI-based real exchange rate against the USD as dependent variable, sample of 9 OPEC countries ***, ** and * signify that the coefficient is different from zero at the 1%, 5% or 10% confidence level, respectively.
Next, we estimate the long-term relationship between the variables with the Pooled Mean Group estimator. First proposed by Pesaran et al (1996) , the PMG estimator has the advantage that only long-run coefficients are constrained to be the same across cross-sections (in our case, countries), while short-run responses can be different. 5 For purposes of robustness check, we also utilise a mean group (MG) estimator. Table 5 gives results of the PMG and MG estimations. In columns 1 and 3, we include both intercept and trend, while in columns 2 and 4 we utilise only intercept. In our PMG estimations, elasticity of the real exchange rate with respect to the oil price is between 0.4 and 0.5. Quite remarkably, we can see that for our sample of OPEC countries, the Balassa-Samuelson effect has no statistical support. The Hausmann test implies that we can pool data from the different cross-sections together. In Table 6 , we use a different dependent variable, i.e. the real effective exchange rate. When both constant and trend are included in the specification, long-run elasticity of the real effective exchange rate with respect to the real price of oil is almost exactly 0.4. It rises above one when only a constant is included.
Therefore, real oil price always has a positive effect on real exchange rate, i.e. a higher oil price leads to real exchange rate appreciation. This result is very robust for different specifications. Moreover, the elasticity of real exchange rate is almost always in the interval between 0.4 and 0.5. 6 Previous literature found that real commodity prices influence real exchange rates in commodity-exporting countries. We confirm this result for our group of oil-exporting countries. 
Concluding remarks
We confirmed that real oil price has a statistically significant positive effect on the real exchange rate of oil-producing countries using several estimation methodologies and variable definitions. On the other hand, we found little evidence for the Balassa-Samuelson effect in our sample of oil-producing countries. Taken together, these results imply that the oil price may drive many macroeconomic variables in oil-dependent economies. Thus, ignoring this effect may lead to erroneous conclusions.
While exact estimates of long-run elasticity of the real exchange rate with respect to the real price of oil seem to depend on the specification, most of our estimates cluster close to 0.5. This result is independent from the choice of real exchange rate variable. Moreover, the estimated coefficients are statistically significant. Interestingly, Zalduendo (2006) 
Robustness tests
In this appendix, we report results from the robustness tests involving (in addition to our main sample of nine OPEC countries) three countries from the Commonwealth of Independent States (CIS), i.e. Azerbaijan, Kazakhstan and Russia. Since the latter three countries were once part of the Soviet Union, i.e. a centrally planned economy, there are no comparable data for pre-1992 period. Moreover, as data from 1992 is spotty at best for these countries, we start our sample from 1993. Given the brevity of these time series, our robustness tests must be treated with caution.
Our results are presented in Tables A.1 and A.2. As to the specifications with crosssection specific trends, the results show little qualitative change from the longer sample.
For the fixed effects, however, oil now has a positive sign contrary to our main results.
Taken together, we consider the results for the shorter sample to be spurious. Even though we are able to expand the dataset by adding more cross-sections, it does not make up for the loss of periods. ***, ** and * signify that the coefficient is different from zero at the 1%, 5% or 10% confidence level, respectively.
